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e.2013.04Abstract Obesity rates continue to rise and iron deﬁciency continues to be the number one nutri-
ent deﬁciency worldwide, and both can lead to signiﬁcant adverse health issues. Furthermore, the
factors contributing to the iron deﬁciency observed in obese subjects are not fully understood.
Aim of the work: Is to study the factors contributing to poor iron status in obese rats.
Materials and methods: Hemoglobin content, Hematocrite value (%), total iron binding capacity
(TIBC), and transferrin saturation (TS%) were assessed in 20 obese and non obese female rats. Also
Leptin, Interleukin-6 (IL-6) and systemic Hepcidin levels were measured in both groups. Serum
ferritin levels were measured in additional 20 obese and non obese rats. The correlation between
Hepcidin and different parameters and between ferritin and TS% was assessed.
Results: Serum Hepcidin levels, IL-6, serum ferritin and plasma Leptin were signiﬁcantly high in
obese group; also there was signiﬁcant decrease in serum iron, TIBC and TS% (P< 0.05) in obese
group compared with the non obese group. Difference in hemoglobin levels and Hematocrite values
between both groups was not statistically signiﬁcant. A direct correlation was observed between
serum Hepcidin and body weight. Also a direct correlation between Hepcidin, and Leptin and
IL-6 was observed.
Furthermore, there were signiﬁcant inverse correlations between serum Hepcidin and serum iron
and TS% and between ferritin and TS%.
Conclusion: IL-6 and Leptin may be part of the axis that links obesity, inﬂammation, and Hepcidin
with poor iron status.
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reserved.2 Ahmed Basha Zol-Fokar,
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Poor iron status affects billions of people worldwide. The prev-
alence of obesity continues to rise in both developed and devel-
oping nations. An association between iron status and obesity
has been described but, the mechanism explaining this rela-
tionship remains unknown.1 Obesity is characterized by a stateand hosting by Elsevier B.V. All rights reserved.
Table 2 Correlation between serum Hepcidin (ng/ml) and
different studied parameters.
Hepcidin #(ng/ml) R P
Leptin .941(**) .000
TIBC (ug/dl) .986(**) .000
IL-6 (pg/ml) .997(**) .000
TS% .925(**) .000
Serum iron (ug/dl) .980(**) .000
Body weight .945(**) .000
** Correlation is signiﬁcant P< 0.01 level (2-tailed).
46 A.A. Abo Zeid et al.of low grade inﬂammation in different tissues.2 Hepcidin is a
small peptide hormone secreted by hepatocytes, circulating in
blood plasma and excreted in urine.3 Its production is in-
creased in inﬂammation4 and expression of Hepcidin in the
liver is increased dramatically by inﬂammatory mediators5,6
which may lead to iron deregulation. Another possibility is
that Hepcidin may be linked to other adipokines commonly
elevated in obesity including Leptin.7 Furthermore, the factors
contributing to the iron deﬁciency observed in obese subjects
are not fully understood.
Thus the aim of the present work is to study the factors
contributing to poor iron status in obese rats.
2. Materials and methods
This work carried out using 20 female Wistar rats weighing
200–225 g, purchased from the faculty of science Tanta Univer-
sity. During the study the animals were kept in wire mesh cages
with access to water. The room temperature was about
22–24 C and the animals were exposed to 12:12 h light dark
cycles. Before start of work blood samples were taken from ani-
mals of both groups and assessed to exclude animals suffering
from iron deﬁciency anemia. The animals were divided into two
equal groups. Group 1 (non obese group) received only normal
diet (rat chow) for 8 weeks.In group 2 (obese group), obesity
was induced by feeding high fat diet which is composed of 70%
fat, 20% carbohydrates and 10% protein. The meal consists of
cooked caw fat, full cream milk, bread and green vegetables for
8 weeks.8 The two diets of both groups are equal in amount but
different only in there constituent with equivalent iron levels to
avoid dietary iron deﬁciency. Normal and high fat diet constitu-
ents were purchased fromEl-Gomhoria Company, Cairo, Egypt.
High fat diet was preserved at 4 C until used. All protocols were
approved by Tanta Faculty of medicine ethics committee.
A blood sample is taken from all these animals after 8 weeks
for determination of Hemoglobin content by hemoglobin me-
ter.9 Hematocrite value was measured using a microcapillary
reader (International Micro capillary Reader; International
Equipment) following 3 min of centrifugation.9 Serum iron
and TIBC were measured according to method described by
(Laycock et al.).10 Serum ferritin was measured by using com-
mercially available Enzyme Linked Immunosorbent assay kits
(sigma).11 TS% was calculated as iron/TIBC · 100. Interleu-
kin-6 (IL-6) was immunoassayed using commercially available
sandwich Enzyme Linked Immunosorbent Assay (ELISA) kitTable 1 Comparison between control non obese group and
obese group as regards different studied parameters.
Parameters Control (non obese) Obese
Body weight (gm) 213.6 ± 13.07 303.1 ± 18.27*
Hepcidin (ng/ml) 69.2 ± 6.78 266.6 ± 10.74*
Leptin (pg/ml) 223.7 ± 19.83 300.5 ± 5.97*
Serum iron (lg/dl) 188.2 ± 5.89 117.5 ± 6.98*
Ferritin (ng/ml) 61.9 ± 7.82 67.8 ± 9.45*
TIBC (lg/dl) 671.8 ± 7.07 592.2 ± 7.59*
TS% 27.9 ± 1.33 19.8 ± 1.77*
IL-6 (pg/ml) 126.2 ± 5.53 361.4 ± 7.68*
Hemoglobin (g/dl) 13.7 ± 0.41 13.4 ± 0.43
Heamatocrit value% 38 ± 1.63 37.6 ± 1.24
* Denotes statistical signiﬁcance P< 0.05.(ER3IL6, Pierce Endogen, Rockford, IL) for rats IL6, It detects
up to below 16 pg/mL IL6 with intra-assay and inter-assay CVs
ranging from 6.2–6.8% to 14.1–14.9%, respectively. Leptin was
measured by commercially available ELISA kit.12
Serum Hepcidin levels in rats were measured by method
described by (Murphy et al.).13 We have measured serum ferri-
tin, iron, TIBC and TS% in additional 20 obese and non obese
rats.
2.1. Statistical analysis
Data are expressed as means ± SD. Student’s t test is used to
compare between two groups.14 Pearson’s correlation coefﬁ-
cient test was used to correlate between parameters studied.15
We considered statistically signiﬁcant P value < 0.05.
3. Results
Table 1 revealed that obesity results in signiﬁcantly lower ser-
um iron, transferrin saturation (TS%), and total iron binding
capacity (TIBC) (P< 0.05) if compared with non obese group,
on the other hand there was signiﬁcant increase in body
weight, as well as the levels of serum Hepcidin, IL-6, ferritin
and plasma Leptin (P< 0.05) in obese group when compared
to non obese group. However the hemoglobin levels and
Hematocrite values were statistically insigniﬁcant between ob-
ese and non obese group.
Table 2, Figs. 1 and 2 revealed that in obese group there
was signiﬁcant direct correlation between serum Hepcidin
and body weight (r= 0.945; P= 0.000), statistically signiﬁ-
cant inverse correlations were found between serum Hepcidin
and serum iron (r= 0.980; P= 0.0001) and TIBC (ug/dl)
(r= 0.986; P= 0.000) and between serum Hepcidin and
transferrin saturation (r= 0.925; P= 0.0005), also direct
correlation between serum Hepcidin and IL-6 (r= 0.997;
P= 0.0001) and a direct correlation between serum Hepcidin
and plasma Leptin level (r= 0.941; P= 0.0001)were found.
Table 3, Fig. 3 revealed statistically signiﬁcant inverse cor-
relations between ferritin and TS%.
4. Discussion
Obesity is a major global health problem. Obesity and iron
deﬁciency are two of the most common nutritional disorders
worldwide. Several studies found higher rates of iron deﬁ-
ciency in obese than in normal-weight individuals.16 In this
study, we have observed that obesity is associated with poor
iron status as evidenced by signiﬁcant decreased serum iron,
TIBC and transferrin saturation noted in obese compared to
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Figure 1 Correlation between serum Hepcidin (ng/ml) and body weight in grams, serum iron (ug/dl) and TIBC (ug/dl).
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Figure 2 Correlation between serum Hepcidin (ng/ml) and TS%, IL-6 (pg/ml) and plasma Leptin (pg/ml).
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Potential factors contributing to poor iron status with obesity 47non obese animals .The signiﬁcant increase in Hepcidin in ob-
ese animals is the most plausible explanation for the link be-
tween poor iron status and obesity, as evidenced by the
signiﬁcant direct correlation between serum Hepcidin and
body weight, also statistically signiﬁcant inverse correlations
were found between serum Hepcidin and serum iron
(r= 0.980; P= 0.0001)and TIBC (r= 0.986; P= 0.000)
and between serum Hepcidin and transferrin saturation
(r= 0.925; P= 0.0005). The low iron state in obese animals
was secondary to increase in the level of Hepcidin, and may re-
sult from combination of factors reducing iron absorption in
the intestine, with subsequent decrease serum iron concentra-
tion17 and shift of iron from the circulation into the cellular
stores in hepatocytes and macrophages making iron less avail-
able.18 Obesity has been suggested as an independent factor
contributing to poor iron status. It was reported previously
that Hepcidin, is expressed in adipose tissue and its messenger
RNA (mRNA) expression is increased in adipose tissue of
morbidly obese patients.19
Also Hintze et al.20 reported that adipocyte hypoxia in-
creases hepatocyte Hepcidin expression. And there was a posi-
tive correlation between Hepcidin expression in the adipocytes
and body mass index.21Table 3 Correlation between Ferritin and TS%.
Ferritin R P
TS% (Transferrin saturation) 0.425(**) 0.01In our study, IL-6 was signiﬁcantly higher in obese animals
than in non-obese.0 20 40 60 80 100
0
Serum ferritin ng\ml
Figure 3 Correlation between serum ferritin ng/ml and TS%.
48 A.A. Abo Zeid et al.Obesity is chronic inﬂammatory condition and Hepcidin is
primarily regulated by inﬂammatory mediators.22 IL-6 medi-
ates hypoferremia of inﬂammation by inducing the synthesis
of the iron regulatory hormone Hepcidin.23 IL-6 in particular
has been shown to exert its effects on Hepcidin gene transcrip-
tion.It induces signaling and activation of Stat3 (Signal Trans-
ducer and Activator of Transcription3) which binds to the
promoter region of Hepcidin to activate transcription and in-
duce Hepcidin production,24 also results of the present work
revealed a direct signiﬁcant correlation between IL-6 and Hep-
cidin in obese group.
Another possibility is that Hepcidin may be regulated by
other adipokines commonly elevated in obesity including Lep-
tin.25 Results of the present work revealed signiﬁcant increased
in Leptin level in obese compared to non obese animals, also
there is direct correlation between Hepcidin and Leptin levels
(r= 0.941; P= 0.0001). Leptin plasma level elevated in obes-
ity,26 and Leptin has been shown to stimulate Hepcidin pro-
duction in a similar fashion as IL-6 because Leptin shares a
number of common biological features with IL-6 via its stim-
ulatory actions on the production and release of the iron reg-
ulatory hormone Hepcidin.27 Leptin is a powerful regulator of
hepatic Hepcidin expression and operates through the Ob-Rb
receptor coupled to the JAK2/STAT3 signaling pathway.28 In-
creased serum ferritin was noted in obese animals and it may
indicate the presence of increased iron stores in macrophage,
also, it is reported that ferritin is elevated in inﬂammatory con-
ditions due to the stimulatory effect of inﬂammatory mediator
which induces ferritin production within macrophages, hepa-
tocytes and adipocytes.29 Results of the present work revealed
inverse correlation between ferritin and TS% which may be
due to decreased iron recycling in macrophages and this is ex-
plained by increase in Hepcidin level.30
5. Conclusion
Hepcidin plays a central role in the anemia of chronic disease
and Hepcidin overproduction even in mild inﬂammatory disor-
der as obesity may explain the association of poor iron status
with obesity. IL6 and Leptin may be part of the axis that links
obesity, inﬂammation, and Hepcidin with poor iron status.
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